Background: Left ventricular false tendons (LVFTs) are chord-like structures that traverse the LV cavity and are generally considered to be benign. However, they have been associated with arrhythmias, LV hypertrophy and LV dilation in some small studies. We hypothesize that LVFTs are associated with LV structural and functional changes assessed by echocardiography.
INTRODUCTION
L eft ventricular false tendons (LVFTs) are fibromuscular bands that traverse the (LV) cavity and are generally considered to be benign. 1 Studies of infants demonstrated a high prevalence ( $ 78%) of LVFTs on echocardiography, and histopathologic analyses of these structures from patients with congenital heart disease reveal that most are composed of fibrous tissue while some are fibromuscular.
2 They may also contain conduction tissue (Purkinje fibers) and have been identified as a source of ventricular arrhythmias. 2, 3 LVFTs were identified in only 101 of 1,206 echocardiograms from participants in the Framingham Heart Study, and these were most commonly located near the apex of the LV. 4 These investigators found that LVFTs were associated with innocent murmurs, the presence of LV hypertrophy (LVH) as assessed by electrocardiogram (ECG) and were more commonly observed in participants with reduced LV systolic function. However, after multivariable adjustment, only the relationships between LVFTs and ECG-LVH (odds ratio ¼ 4.4) and innocent murmurs (odds ratio ¼ 5.5) remained significant. Overall, they did not observe an increased risk of mortality in participants with LVFTs. Major limitations of this study include older echocardiographic techniques (studies were performed in [1988] [1989] and an all-white population. Additionally, participants with LVFTs were more likely to have lower BMIs suggesting that it may be easier to visualize these intracardiac structures in thinner patients.
Other studies have observed varying prevalence of LVFTs, and some have noted increased prevalence in patients with dilated ventricles. 5 It is possible that LVFTs are more commonly noted in patients with dilated LVs as LV dilation may increase the tautness of the bands throughout the cardiac cycle rendering them more visible on echocardiography. 5, 6 Some have even hypothesized that LVFTs may prevent LV dilation by acting as a tethering device, particularly in cases of mitral regurgitation. 6 To date, LVFTs have been associated with abnormal cardiac remodeling in relatively small studies that include almost all-white populations. 4, 5 Although there are limited published data on the relationships of LVFTs and LV systolic dysfunction, there is little to no investigation of their association with LV diastolic dysfunction. Therefore, our aim was to evaluate the associations between LVFTs and LV structure and function (both systolic and diastolic) in an ethnically diverse patient population.
METHODS

Study Population
This retrospective study was approved by the Institutional Review Board (IRB 2014-0327) at the University of Mississippi Medical Center, a tertiary referral center for the state of Mississippi where more than 10,000 echocardiograms are performed yearly. Owing to the retrospective study design, informed consent was waived, and all data were de-identified to protect subjects' privacy. Over the past 2 years (since 2014), 111 patients were identified by echocardiography as having LVFTs by board-certified cardiologists. An LVFT was diagnosed if an echodense band could be visualized traversing the LV cavity in more than 1 echocardiographic plane. Careful consideration was made not to include mitral valve chordae tendinae or ventricular trabeculations. Then the LV was divided into 3 sections (apical, middle and basal sections) to describe the location of the LVFTs. A random list of age-and sexmatched controls was generated from patients who had undergone echocardiograms during the same period as patients identified with LVFTs ( Figure 1 ). From this list, nonconsecutive matched controls were selected under blinding of all clinical (besides age and sex) and echocardiographic data (besides date of echo). Of note, 15 of the matched control patients had LVFTs and were included in the LVFT group (total n ¼ 126). Echocardiograms from both inpatient and outpatient settings were included in the analyses. A blinded reviewer extracted sociodemographic data from patient charts. Clinical data including heart failure diagnoses were abstracted from the patients' medical records and phyisician-listed diagnoses.
Echocardiography
Echocardiography was performed using an iE33 ultrasound with a multiple frequency transducer (Phillips Medical Systems, Andover, MA). Standard echocardiographic views were obtained per American Society of Echocardiography guidelines. 7 LV volumes and dimensions were measured from 2-dimensional images in the parasternal long-axis view per American Society of Echocardiography guidelines. 7 Calculations of LV mass were made using the following equation as recommended by the American Society of Echocardiography:
LVDd is the LV diastolic dimension, interventricular septum thickness (IVSd) is the interventricular septum thickness at enddiastole and posterior wall thickness (PWd) is posterior wall thickness at end-diastole. Relative wall thickness (RWT) was calculated as 2 * (PWd) / LVDd, LV ejection fraction was visually estimated by board-certified cardiologists. Transmitral Doppler flow was recorded in the apical 4-chamber view, and peak early diastolic (E), peak atrial velocity (A) and E/A ratios were measured. From this same view, septal and lateral mitral annular tissue velocities (e 0 ) were measured using tissue Doppler imaging. The ratios of E to e 0 for the septal and lateral mitral annulus were calculated and averaged. Diastolic function grade was assessed and recorded as grade I-III using validated techniques. 8 Mitral valve regurgitation severity was determined using visual assessment and by measures of vena contracta width and proximal isovelocity surface area regurgitant volumes or fraction where appropriate. 9 Left atrial diameters were measured in the parasternal long-axis view at end-systole, and left atrial volumes were assessed by the modified Simpson's method from apical 2-chamber view. LVFTs were noted by board-certified cardiologists and confirmed by an independent reader. The locations of LVFTs were identified as basal, middle or apical LV. Right ventricular systolic function was assessed using tricuspid annular plane systolic excursion (TAPSE). 10 
Statistical Analysis
All statistical analyses were performed using SAS Enterprise Guide 6.1 (SAS Institute, Cary, North Carolina) and STATA version 14 (STATA Corp, College Station, Texas). Student's t tests were performed to evaluate the differences in mean values between patients with LVFTs and age-and sex-matched controls. The associations between LVFT locations and LV systolic function (LV ejection fraction) and LV dilation (LV end-diastolic dimension) were assessed using multivariable linear regression analyses. A 2-sided P o 0.05 was considered statistically significant for all analyses.
RESULTS
Patient Characteristics
Data from 126 patients with LVFTs and 85 age-and sex-matched patients were analyzed. There were no significant differences in age, sex, race, systolic blood pressure or BMI between patients with LVFTs and controls (Table 1) . Furthermore, the 2 groups had similar prevalence of hypertension, diabetes and coronary heart disease. Patients with LVFTs had a significantly higher prevalence of heart failure diagnosis (P ¼ 0.001).
LVFTs are Associated With LV Dilation and Impaired LV Systolic Function
Compared with control patients, patients with LVFTs had more LV dilation as determined by both LV internal dimensions at end-diastole and end-systole (P o 0.001 and P o 0.0001, respectively, Table 2 ). LV PWd was slightly lower in patients with LVFTs (P ¼ 0.049), but there were no significant differences in LV IVSd. RWT was significantly lower in patients with LVFT (P ¼ 0.001) consistent with LV dilation and wall thinning. LV mass indexed to body surface area was significantly higher in patients with LVFT (P ¼ 0.04). LV ejection fraction was 18% lower in patients with LVFTs compared to controls (P o 0.001). RV systolic function as assessed by TAPSE was also lower in patients with LVFTs; however, this was not quite statistically significant (P ¼ 0.058).
LVFT Location was Associated With LV Size and Systolic Function
Using multivariable linear regression, LVFT location in either the basal or middle LV myocardial segments was associated with reduced LV ejection fraction (P o 0.01 for both) after adjustment for age, sex, race, BMI and systolic blood pressure, whereas apical location was not (Table 3) . LVFT location at the middle LV was significantly associated with dilated LV (P o 0.01), and a basal LVFT location was almost associated with LV dilation (P ¼ 0.07). Apical LVFT location was not associated with either reduced LV ejection fraction or dilation.
LVFTs are Associated With LV Diastolic Dysfunction
There were no differences in E-or A-wave velocities or E/A ratios between the 2 groups. There were also no Figure 2A ). There were also more patients with LVFT with grade II or III diastolic dysfunction compared to controls (P ¼ 0.04, Figure 2B ).
LVFTs are Associated With More Mitral Regurgitation
Mitral regurgitation severity was classified as mild, moderate, severe or none. Patients with LVFTs were 2.5 times more likely to have moderate or severe mitral regurgitation compared with control patients. 
DISCUSSION
In this study, we evaluated the relationships between LVFTs and measures of LV structure and function using echocardiography in a diverse patient population in a real-world clinical setting. In our study, patients with LVFTs had a higher prevalence of heart failure. We also found that patients with LVFTs had more LV dilation, were more likely to have moderate-to-severe mitral regurgitation, had more severe LV diastolic dysfunction and had significantly reduced LV systolic function compared to age-and sex-matched controls without LVFTs. Furthermore, a basal or middle LVFT location was associated with reduced LV systolic function and LV dilation. To our knowledge, this is the first study to demonstrate an association between LVFTs and reduced LV systolic and diastolic function. Our findings suggest that LVFTs are associated with adverse structural and functional LV changes.
Other studies have demonstrated an association of LVFTs in patients with dilated LVs. 5 It has been hypothesized that LVFTs are more easily visualized when they are stretched out, as occurs when the LV chamber dilates. Some have even hypothesized that LVFTs prevent LV dilation, particularly in the setting of significant mitral regurgitation. 6 In fact, the Coapsys device, a piece of cord threaded through a patient's LV and tethered with 2 pads on either side of the heart to mimic the effect of a LVFT, was created to prevent LV dilation in patients with ischemic heart disease and mitral regurgitation. 6, 8 In a randomized control trial of 165 patients undergoing coronary artery bypass grafting and mitral valve replacement, the addition of a Coapsys device reduced LV dilation and mitral regurgitation severity and also showed an overall survival advantage compared to mitral valve replacement alone.
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In contrast to the potential beneficial effects of LVFTs in patients with mitral regurgitation, LVFTs have been associated with adverse cardiac remodeling including LVH. 4, 6 Framingham Heart Study investigators observed a greater than 4-fold increased risk of LVH on ECG in white participants with LVFTs. Although they observed a 3-fold greater risk of reduced LVEF (o50%), this finding was not statistically significant (P = 0.11).
Importantly, they did not observe an increase in mortality in study participants with LVFTs. Limitations to this study were low prevalence of LVFTs (101/1,206 participants) and an all-white population. The authors noted that the lack of modern echocardiographic equipment may have led to underrecognition of these structures.
We observed significant relationships between the presence of LVFTs and reduced LV systolic and diastolic function as well as mitral regurgitation severity. Our study is cross-sectional, and we are not able to determine a cause-and-effect relationship. To our knowledge, this is the first study to evaluate the relationship between LVFTs and LV diastolic function.
The potential mechanisms by which LVFTs may cause reduced LV systolic and diastolic function are unclear. However, it is possible that a band of tissue traversing the LV cavity may lead to intracavitary blood flow obstruction, albeit minor. This minor flow obstruction could theoretically lead to increased turbulence, loss of laminar blood flow and kinetic energy and subsequently increased LV wall stress over time (Figure 3) . Ultimately, this could lead to LVH or dilation as well as a reduction in LV systolic and diastolic function and secondary mitral regurgitation. It is possible that LVFTs located in the middle and basal LV regions would cause more alterations in LV blood flow. They would not only cause some degree of flow obstruction as the LV fills (diastole) but also during ejection of blood through the LV outflow tract during systole. Support for this possibility comes from our observation that LVFTs located in the basal and middle LV segments were associated with reduced LV systolic function and more LV dilation, while these relationships were not significant for apical LVFTs. Although these proposed mechanisms are consistent with our observations, they must be considered speculative until further prospective studies with assessment of both LV systolic and diastolic function are conducted to determine whether these structures are associated with adverse outcomes or are benign. Our study has limitations including cross-sectional study design and single-center site. Although our study and others have demonstrated an association with LVFTs and adverse cardiac structure and function, other study findings suggest that LVFTs are more benign, and that they are detected more easily when the LV dilates. 5 It is important to note that given the cross-sectional design of our study, we cannot determine causality for LVFTs on the observed outcomes. Also, given the higher reported prevalence of LVFTs in studies such as Malouf et al 5 (particularly in children), it would not be appropriate at this point to say that patients with LVFTs are at higher risk of developing incident heart failure. Our findings using contemporary echocardiographic techniques including assessment of diastolic function suggest that further prospective studies assessing the risk of incident heart failure in patients with LVFTs are warranted. Our study has strengths including an ethnically diverse patient population, and we were able to determine that there does not appear to be a race difference in the prevalence of LVFTs. As many cardiologists consider them benign variants, the true prevalence of LVFTs in our institution was not able to be accurately assessed as they are rarely mentioned in formal echocardiographic reports. This is illustrated by the crossover of 15% of the controls into the LVFT group. Although there may be some selection bias in our study owing to the fact that patients who undergo echocardiography are more likely to have abnormal findings, we attempted to minimize this bias by randomly selecting an age-and sexmatched control population of patients from our institution who underwent echocardiography during the same period. Finally, we evaluated prevalent heart failure that was identified by review of physician diagnoses that have the potential for misclassification.
CONCLUSIONS
In a large, tertiary referral center, patients with LVFTs noted on echocardiography had more prevalent heart failure, LV dilation, 18% lower LV ejection fractions, were more than twice as likely to have at least moderate mitral regurgitation and had more severe LV diastolic dysfunction compared to age-and sex-matched patients without LVFTs. LVFT location near the middle and basal LV segments was associated with greater reductions in LV systolic function and LV dilation. Our cross-sectional study findings suggest that LVFTs may not necessarily be benign, and further prospective studies, specifically with outcomes of heart failure, should be conducted to evaluate the effects of LVFTs on LV structure and systolic and diastolic function.
